Abstract-As one of the next generation FEL technologies, staggered array undulator (SAU) made by high Tc superconductor (HTSC) is developed to achieve small size and high intensity magenetic field undulator. In use of supercondutor magnet, it is very difficult to adjust the magnet array of the undulator after magnetization since the entire of the undulator is install inside a cryostat, therefore appropreate magnet alignment has to be determined before the magnetization. This paper present a development of a numerical simulation code of the SAU magnetization process to assist the design of optimal alignment of the SAU magnets.
Introduction
In a development of the next generation Free Electron Laser (FEL) such as X-ray FEL, undulator magnets are required to be of smaller size and higher intensity magnetic field. To realize these requirements, it is consider to use high Tc superconductor (HTSC) magnet for the FEL undulator. Then it is very difficult to construct a cryostat system which produces the entire of alternative magnet alignment such as in a conventional FEL undulator (Fig.1 ). As one of solutions to this difficulty, a method of staggered array undulator (SAU) was proposed [1] - [2] . On the other hand, it is necessary to produce exact sinusoidal distribution of a vertical magnetic field component along a longitudinal direction of the undulator for obtaining a good quality laser light from the FEL. In addition, it is almost impossible to re-arrange the undulator magnet alignment inside the cryostat after magnetization of the HTSC magnets. Accordingly, it is very important to understand and predict the magnetization process of the HTSC undulator, and determine the alignment of the HTSC undulator magnets to obtain exact sinusoidal vertical component of the magnetic field in design stage. This paper presents a development of a numerical simulation code of magnetization process of the HTSC SAU based on critical current model to assist the design of the HTSC SAU magnet alignment.
Bulk HTSC staggered array undulator (SAU)
A configuration of the bulk HTSC staggered array undulator is indicated in Fig.2 . The unit disk is composed of semi-half circles made by HTSC and cupper materials, and a rectangular hole, in which electron beam travels, is located in the disk center. The SAU is constructed to serially combine 21 unit disks alternatively. Applying an external magnetic field on the SAU toward the longitudinal direction (z-direction) by a solenoid coil which surrounds the entire SAU and cooling down the entire of SAU by the cryostat, the HTSC is magnetized oriented to zdirection. After that, removing the solenoid magnetic field, magnetization process of the SAU is finished. A configuration of the magnetic lines of force produced by the SAU around the z-axis is indicated in Fig.3 . Although orientation of the magnetization of magnets in Fig.3 is quite different from that of the conventional undulator (Fig.1) , the alternative vertical (ydirection) magnetic field along z-axis, which leads to the undulator motion of the election, is produced in the SAU.
Simulation of magnetization process of SAU
We here employ a current vector potential method (Tmethod) [3] - [5] with a thin plate approximation, which is known as a method of eddy current analysis, for the analysis of the light laser magnets undulator rajecoty electron t In particular, the shielding current J has 2D distribution under the assumption of the thin plate approximation, and then the current vector potential has only a normal component T to 2D shielding current distribution plane,
where n is a unit normal vector to disk plane. In the current vector potential method, the following integrodifferential equation for T is numerically solved,
where  is conductivity, 0  is permeability, B 0n is normal component of the applied external magnetic field. In addition, we use the following critical current model with Bean's formula for a macroscopic modelling of the magnetization of the HTSC,
We assume that initial external field B 0n (0) is imposed to the HTSC and this external field is gradually decreased to zero. To calculate this process based on (3) in time domain, the SAU magnetization process is numerically simulated. At the each time step, the iterative calculation of (4) which determines the critical current distribution is involved.
Numerical examples
We carry out numerical discretization of the SAU by simple uniform cubic grids with 0.5mm edges and solve (3) based on 3D finite difference method (FDM) in time domain. For simplicity, it is assumed that the each semi-half circle HTSC does not interact with other HTSCs. An example of numerical model of a single unit HTSC in x-y cross section is indicated in Fig.4 , and a shielding current distributions in x-y middle plane at the final time step are shown in Fig.5. Fig.6 indicate vertical component distribution of the magnetic field on x-z middle plane in which electron beam travels. It is found that alternative profile of the vertical component of the magnetic field along zdirection is produced.
Conclusion
This paper presents the development of numerical simulation code of the HTSC magnetization process based on the T-method for assisting the design of the SAU magnet alignment. To individulally set the HTSC size, optimal magnetic field profile, which is produced after the SAU magnetization, can be predicted in design stage. For more exact simulation of the magnetization process, the numerical code should be improved to include intaraction between unit HTSCs. 
